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Description 



METHODS AND DEVICES FOR EPITHELIAL 
PROTECTION DURING PHOTODYNAMIC 
THERAPY 

CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims priority from U.S. Provisional 

Patent Application Serial No. 60/462,937, filed on April 
15, 2003, entitled "Methods for Epidermal Protection Dur- 
ing Photodynamic Therapy," which is expressly incorpo- 
rated by reference herein. 
FIELD OF THE INVENTION 

[0002] The present invention relates to methods for protecting 

epithelial tissue during photodynamic therapy using ther- 
mal and/or chemical inhibition. 
BACKGROUND OF THE INVENTION 

[0003] photodynamic therapy (PDT), which can be used for many 
purposes including hair removal and acne treatment, in- 
volves the combination of a light-absorbing photosensi- 



tizing agent with light of the appropriate wavelength. A 
pre-photosensitizer, such as aminolevulinic acid (ALA, 
ALA-ester), which converts into a photosensitizing agent 
when it metabolizes, can also be used. The photosensitiz- 
ing agent or pre-photosensitizing agent is topically or 
systemically applied to a target tissue where it accumu- 
lates. Upon irradiation with a visible light of an activating 
wavelength, the photosensitizing agent causes the release 
of reactive oxygen species in cells containing the photo- 
sensitizing agent, thereby promoting cell death. 

[0004] while PDT induced using a photosensitizing agent or pre- 
photosensitizing agent has been somewhat successful, it 
can be difficult to control the treatment area. In particular, 
the photosensitizing agent or pre-photosensitizing agent 
can accumulate in healthy tissues as well as the target tis- 
sue. In hair removal, for example, the photosensitizing 
agent or pre-photosensitizing agent is applied to the skin 
topically and is absorbed by both the epidermal and der- 
mal layers of the skin. As a result, application of light can 
cause phototoxicity to the epidermis, which can lead to 
long-lasting hyperpigmentation or epidermal necrosis. 

[0005] Accordingly, there is a need for improved methods for 

photodynamic therapy that reduce or eliminate damage to 



epithelial tissue while allowing treatment of underlying 
targeted tissue. 
BRIEF SUMMARY OF THE INVENTION 

[0006] The present invention generally provides methods for 
controlling the application of PDT induced using a pre- 
photosensitizing agent, and in particular for preventing 
damage to epithelial tissue, such as the epidermis, during 
PDT. In general, the method includes the step of adminis- 
tering a pre-photosensitizing agent, such as a porphyrin 
precursor, to a targeted treatment site. This can be 
achieved, for example, by topically applying the pre- 
photosensitizing agent to epithelial tissue surrounding 
the targeted treatment site. The pre-photosensitizing 
agent is then absorbed through the tissue and into tissue 
at the targeted treatment site, where it metabolizes to 
convert into a photosensitizing agent, such as a porphyin. 
The method further includes the steps of preventing 
metabolism of the photosensitizing agent in epithelial tis- 
sue surrounding the targeted treatment site, and irradiat- 
ing the treatment site to activate the photosensitizing 
agent, e.g., to cause phototoxicity, at the targeted treat- 
ment site such that the epithelial tissue surrounding the 
targeted treatment site is substantially unaffected. 



[0007] | n one embodiment, metabolism of the pre- 

photosensitizing agent in non-targeted epithelial tissue 
surrounding the targeted treatment site can be prevented 
by thermal inhibition, and in particular by creating a tem- 
perature gradient between the non-targeted epithelial tis- 
sue and tissue at the targeted treatment site. The temper- 
ature gradient can be created by cooling the non-targeted 
epithelial tissue and/or by heating the tissue at the tar- 
geted treatment site underlying the epithelial tissue. 

[0008] The present invention also provides a contact device for 
establishing a temperature gradient between epithelial 
tissue and underlying dermal tissue. The contact device 
can include a cooling medium contained therein for cool- 
ing the non-targeted epithelial tissue, and/or a radiant 
energy source coupled thereto for heating tissue at the 
targeted treatment site. In an exemplary embodiment, the 
contact device includes a tissue-contacting element, e.g., 
a cooling plate, that is adapted to be positioned on a skin 
surface, and that is coupled to a cooling element for cool- 
ing the plate to thereby cool the skin surface. Where the 
contact device contains a radiant energy source, at least a 
portion of the cooling plate is preferably formed from a 
heat-conducting material that is transparent to radiant 



energy for allowing radiant energy from the radiant en- 
ergy source to pass therethrough. In use, the cooling plate 
can be positioned directly on the skin surface, or a layer 
of gel or liquid can be disposed between the device and 
the tissue surface to improve thermal contact with the tis- 
sue. The gel or liquid layer can optionally contain a pre- 
photosensitizing agent. After a desired temperature gra- 
dient is established, the contact device can be removed 
from the epithelial tissue before the targeted treatment 
site is irradiated with light. The device can optionally in- 
clude a variety of other components to facilitate use, such 
as one or more temperature controllers to control the ra- 
diant energy source and/or the cooling plate. In another 
embodiment, the contact device can be coupled to a light 
source to allow the tissue to be simultaneously cooled 
and/or heated concurrently while the targeted treatment 
site is irradiated with light. 
[0009] | n y e t another embodiment, metabolism of the pre- 

photosensitizing agent in non-targeted epithelial tissue 
surrounding the targeted treatment site can be prevented 
by chemical inhibition, and in particular by applying a 
chemical inhibitor to epithelial tissue surrounding the tar- 
geted treatment site. The chemical inhibitor can be ap- 



plied to the epithelial tissue concurrently with, before, or 
after application of the pre-photosensitizing agent, and 
the chemical inhibitor can be applied topically, e.g., in a 
cream, by local injection, or systemically. While a variety 
of chemical inhibitors can be used, suitable chemical in- 
hibitors include any chemical that is effective to inhibit the 
conversion of a pre-photosensitizing agent, such as a 
porphyrin precursor, into a photosensitizing agent, such 
as a porphyrin. Exemplary chemical inhibitors include, for 
example, 4-dioxoheptanoic acid, succinyl acetone, pri- 
doxal-5-phosphate, zinc ions, ferrous ions, and lead ions. 
BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] jhe invention will be more fully understood from the fol- 
lowing detailed description taken in conjunction with the 
accompanying drawings, in which: 

[001 1] FIG. 1A is a diagram illustrating of one embodiment of a 
contact device for cooling epithelial tissue and heating 
dermal tissue at a targeted treatment site in accordance 
with the present invention; 

[0012] FIG. IB is a chart illustrating the components of the con- 
tact device shown in FIG. 1A; 

[0013] FIG. 2 is a chart illustrating the effect of temperature on 
the formation of PplX in rat epidermal keratinocyte cells 



incubated with 0.5 mM ALA; 

[0014] FIG. 3 is another chart illustrating the effect of tempera- 
ture on the formation of PplX in rat epidermal keratinocyte 
cells incubated with various concentrations of ALA; 

[0015] FIG. 4 is a chart illustrating the effect of 4-dioxoheptanoic 
on the formation of PplX in rat epidermal keratinocyte 
cells incubated with 0.25 mM ALA; 

[0016] FIG. 5A is a fluorescence micrograph showing the effect of 
temperature on the formation of PplX in human skin 
treated with a 2% solution of ALA; 

[0017] FIG. 5B is another fluorescence micrograph showing the 
effect of temperature on the formation of PplX in human 
skin treated with a 2% solution of ALA; and 

[0018] FIG. 6 is a fluorescence micrograph showing the effect of 
4-dioxoheptanoic on the formation of PplX in human skin 
treated with a varying concentrations of ALA. 
DETAILED DESCRIPTION OF THE INVENTION 

[0019] The methods and devices of the present invention utilize 
spatial confinement to control formation of a photosensi- 
tizing agent from a topically-applied pre-photosensitizing 
agent. During PDT, a pre-photosensitizing agent, such as 
the porphyrin precursor ALA, is topically applied to the 
skin surface, e.g., the epidermal tissue, above a targeted 



treatment site. This allows the pre-photosensitizing agent 
to be absorbed through the tissue and into tissue at the 
targeted treatment site, where the agent metabolizes into 
a photosensitizing agent, such as the protoporphyrin IX 
(PplX). Upon the application of light having an appropriate 
wavelength, the photosensitizing agent absorbs the light 
and becomes phototoxic, releasing oxygen to destroy the 
cells. While ALA-induced PDT has proven effective, accu- 
mulation of the pre-photosensitizing agent is not selec- 
tive and thus the pre-photosensitizing agent can metabo- 
lize into a photosensitizing agent in both epithelial tissue 
and underlying targeted tissue, thereby potentially caus- 
ing damage to non-targeted, healthy epithelial tissue. The 
present invention therefore provides methods for pre- 
venting or reducing the likelihood of damage to epithelial 
tissue during PDT. 
[0020] | n general, non-targeted epithelial tissue surrounding a 
treatment site can be protected by administering a pre- 
photosensitizing agent to a targeted treatment site, and 
preventing the metabolic conversion of the pre- 
photosensitizing agent in the non-targeted epithelial tis- 
sue surrounding the treatment site while allowing the pre- 
photosensitizing agent to metabolize in tissue at the tar- 



geted treatment site. The targeted treatment site can then 
be irradiated with light to activate the photosensitizing 
agent in the targeted tissue while the epithelial tissue re- 
mains substantially unaffected by the light treatment. 
[0021] The methods and devices of the present invention can be 
used with a variety of pre-photosensitizing agents, such 
as porphyrin precursors, but in an exemplary embodi- 
ment, the methods of the present invention are used with 
ALA-induced PDT, which is described in more detail in 
U.S. Patent Publication No. 2002/0099094A1 entitled 
"Topical Aminolevulinic Acid-Photodynamic Therapy For 
The Treatment Of Acne Vulgaris." As disclosed therein, 
ALA can be used in a variety of forms, including in a phar- 
macologically equivalent form, such as an amide or ester, 
or as a salt, such as hydrochloride salt, and it can be topi- 
cally applied to the skin surface surrounding a targeted 
treatment site, which underlies the epithelial tissue at the 
skin surface. A light source, preferably red visible light 
having a wavelength in the range of about 320 nm to 700 
nm, and more preferably about 25 nm to 200 nm, is ap- 
plied to the targeted treatment site at a dosage of energy 

2 2 

in the range of about 1 J/cm to 200 J/cm , and more 
preferably about 25 J/cm 2 to 200 J/cm 2 . Other suitable 



photosensitizing agents or pre-photosensitizing agents 
include, for example, enzyme-activated pre- 
photosensitizer constructs, such as protease-sensitive 
oligopeptide conjugates, caged photosensitizers which are 
un-caged by an enzyme action, temperature dependent 
liposomal photosensitizers, porphyrins, chlorines, por- 
phycenes, purpurins, phthalocyanines, naphthalocyanines, 
bacteriochlorins, benzophenothiazines, either as free 
agents or in combination with specific delivery agents 
such as in liposomes or as photosensitizer conjugates 
with targeting molecules, such as peptides, receptor lig- 
ands or antibodies. 
[0022] while various techniques can be used to prevent 

metabolism of the pre-photosensitizing agent in epithelial 
tissue surrounding the treatment site, in one embodiment 
the method utilizes thermal inhibition. In particular, a 
temperature gradient can be created between the non- 
targeted epithelial tissue and tissue at the targeted treat- 
ment site such that the epithelial tissue has a temperature 
that is less than the temperature of the underlying tar- 
geted tissue. The temperature gradient can be achieved 
by cooling the non-targeted epithelial tissue under spa- 
tially-controlled conditions, and/or by heating the under- 



lying tissue at the targeted treatment site. While heating 
alone can be effective to establish the desired tempera- 
ture gradient, the skin is preferably cooled since lower 
surface temperatures inhibit the pre-photosensitizing 
agent from metabolizing into a photosensitizing agent in 
the epithelial tissue. Epithelial cooling with simultaneous 
targeted warming can be even more advantageous be- 
cause it creates a steady state that allows the pre- 
photosensitizing agent to metabolize in the targeted 
treatment site, e.g., dermal epithelial structures (skin ap- 
pendages, or localized tumors), while the metabolism rate 
in the epithelial tissue (non-targeted normal tissue) is 
greatly reduced if not abolished. In use, when the tissue is 
irradiated with light, the targeted tissue will be destroyed 
while damage to the epithelial tissue is substantially pre- 
vented. It is possible, however, that the non-targeted ep- 
ithelial tissue will contain small amounts of the photosen- 
sitizing agent, however these amounts should be insub- 
stantial and should not result in any significant damage to 
the epithelial tissue. 
[0023] while virtually any surface cooling technique can be used 
to create a temperature gradient between epithelial tissue 
and the underlying targeted tissue, in an exemplary em- 



bodiment the epithelial tissue, e.g., the epidermis, is 
cooled using a contact device containing a cooling 
medium, such as a solid, liquid, or gas medium. The con- 
tact device can also be adapted to heat the underlying 
dermal tissue, and the heat can optionally be applied dur- 
ing simultaneous cooling of the epithelial tissue. In other 
embodiments, an active cooling source can be used, such 
as a pump or cryogen spray, or a passive cooling source 
can be used, such as water evaporation. 

[0024] FIGS. 1A-1B illustrate an exemplary embodiment of a con- 
tact device 10 in accordance with the present invention. 
As shown, the device 10 generally includes a cooling plate 
14 that is adapted to be positioned on a skin surface, e.g., 
on epidermal tissue 18, a cooling element 16 that is ef- 
fective to cool the cooling plate 14, a radiant energy 
source 12 that is coupled to the cooling plate 14, and an 
electrical source and timing and control circuits 20. While 
not illustrated, the device 10 can be powered by a small 
portable electrical source such as a battery pack. The en- 
tire PDT treatment including use of this invention could be 
ambulatory in this way. 

[0025] The cooling plate 14 can have a variety of shapes, sizes, 
and configurations depending on the intended use, and 



the plate 14 can be formed from a flexible or rigid mate- 
rial. In an exemplary embodiment, the plate 14 has a di- 
ameter that is in the range of about 5 mm to 20 cm. In 
order to cool the plate 14, a cooling medium can be con- 
tained within the plate or a cooling element 16 can be 
coupled to the plate 14, as shown in FIG. 1A. The cooling 
element can consist of, for example, a circulated cool liq- 
uid, ice, a heat exchanger, cryogen, or a pump, such as a 
thermoelectric Peltier device. 
[0026] As previously stated, the contact device 10 can also op- 
tionally be adapted to heat the underlying targeted tissue, 
preferably while simultaneously cooling non-targeted tis- 
sue, e.g., the epidermis, as is further shown in FIGS. 
1A-1B. While various techniques can be used to heat the 
dermal tissue, a radiant energy source 12 is preferably 
utilized that can be directed through the plate 14 to heat 
only the underlying dermal tissue 20. The plate 14, or at 
least a portion of the plate 14, is therefore preferably 
formed from a material that is transparent to radiant en- 
ergy, such as a heat-conducting material. The radiant en- 
ergy source 12 can vary, and by way of non-limiting ex- 
ample, suitable radiant energy sources include visible 
light, infrared light, microwave energy, ultrasound, and 



radiofrequency energy. Preferred wavelengths are in the 
range of about 700 nm to 2000 nm. The radiant energy 
source is also preferably effective to transmit radiant en- 
ergy at an irradiance in the range of about 50 mW/cm 2 to 

2 

500 mW/cm , depending on the source and temperature 
of the cooling plate 14. In a preferred embodiment, the 
radiant energy source is an array of light-emitting diodes 
(LEDs) that are capable of triggering the photosensitizing 
agent. For example, where ALA is the pre- 
photosensitizing agent, the LEDs can be 625-650 nm 
LEDs. 

[0027] | n use> the contact device is placed on the tissue surface, 
e.g., on the epidermal tissue surface, immediately after or 
during topical application of a pre-photosensitizing 
agent, and cooling and/or heating is continued until a de- 
sired temperature gradient is established between the 
non-targeted tissue and the underlying targeted tissue. 
Depending on the type of cooling medium and/or radiant 
energy source, epidermal cooling and/or dermal heating 
can be applied continuously or intermittently, but regard- 
less the external radiant energy source and the external 
cooling source are preferably adjusted to provide control 
over both the epidermal and the dermal temperatures. 



One advantage of this method is that dermal tempera- 
tures can be controlled to be less than, equal to, or 
greater than the core body temperature of the patient. Si- 
multaneous cooling and heating is particularly advanta- 
geous in that a steady-state temperature gradient can be 
achieved such that conversion of the pre-photosensitizing 
agent to a photosensitizer is inhibited in the epidermis 
and it is not inhibited or promoted in the underlying tar- 
get tissue. 

[0028] while the temperature gradient may vary depending on 

the intended use, in one embodiment the epithelial tissue 
can be cooled and/or the targeted treatment site in the 
underlying tissue can be heated until a temperature gradi- 
ent in the range of at least about 5° C is established 
therebetween. More particularly, the non-targeted epithe- 
lial tissue can be cooled to a temperature that is equal to 
or less than about 25° C, and more preferably that is in 
the range of about 20° C to about -5° C, and/or the tar- 
geted treatment site in the underlying tissue can be 
heated to a temperature that is equal to or greater than 
about 25° C, and more preferably that is in the range of 
about 25° C to about 40° C. In an exemplary embodiment, 
the epithelial tissue is maintained at temperatures about 



10°C and the underlying targeted tissue is maintained at 
temperatures around 36°C. Once the desired temperature 
gradient is established, the contact device containing the 
cooling medium and/or the radiant energy source can be 
removed from the treatment site to allow the treatment 
site to be irradiated to activate the photosensitizing 
agent, thereby causing membrane damage and cell de- 
struction within tissue at the targeted treatment site while 
the non-targeted epithelial tissue remains substantially 
unaffected. 

[0029] | n an alternative embodiment, the cooling medium and/or 
the radiant energy source can be applied to the tissue si- 
multaneous with the application of radiation. This can be 
achieved by utilizing a contact device that contains an ir- 
radiating light source. Thus, the contact device allows the 
epithelial tissue to be cooled by the cooling medium, and/ 
or the targeted treatment site in the underlying tissue to 
be heated by the radiant energy source, while light is ap- 
plied to the targeted treatment site. A person skilled in 
the art will appreciate that a variety of other techniques 
can be used to simultaneously irradiate and heat and/or 
cool the skin. 

[0030] The methods of the present invention can be used for var- 



ious applications. In one embodiment, by way of non- 
limiting example, the epidermis can be protected during 
PDT for removing hair. In use, a pre-photosensitizing 
agent can be topically applied to the epidermal tissue sur- 
face above the targeted treatment site, and a temperature 
gradient can be established between the epidermis and 
the targeted treatment site in the dermis. The cooling of 
the epidermal skin surface inhibits metabolism of the pre- 
photosensitizing agent therein, and thus allows the pre- 
photosensitizing agent to metabolize into a photosensi- 
tizing agent in the hair follicles. Irradiating light can then 
be applied to the targeted treatment site to destroy the 
hair follicles without damaging the epidermis. As indi- 
cated above, the treatment light exposure can be done 
with or without concurrent surface cooling and/or radiant 
warming. 

[0031] | n another application, the method can be used to treat 
acne. Again, a pre-photosensitizing agent is applied to 
the treatment site and a temperature gradient is estab- 
lished between the epidermis and the targeted treatment 
site. Since acne occurs below the surface, the cooling of 
the skin surface will prevent the pre-photosensitizing 
agent from metabolizing in the epidermis, while allowing 



the pre-photosensitizing agent to metabolize into a pho- 
tosensitizing agent at the treatment site. The application 
of light to the skin will thereby destroy the acne. 

[0032] | n yet another embodiment, the method can be used to 
treat skin cancer. In this embodiment, a pre- 
photosensitizing agent is applied to the skin and a tem- 
perature gradient can be established between the epider- 
mis and the targeted treatment site to protect non- 
cancerous skin cells in the epidermis. The temperature 
gradient allows the pre-photosensitizing agent to metab- 
olize into a photosensitizing agent at the tumor site, 
thereby allowing the PDT to destroy the tumor cells while 
preventing damage to healthy epidermal tissue. 

[0033] | n another method according to the present invention, 
metabolism of a pre-photosensitizing agent in epithelial 
tissue surrounding a targeted treatment site can be pre- 
vented through chemical inhibition. In particular, a chemi- 
cal inhibitor, such as an enzyme inhibitor, can be applied 
to the epithelial tissue surrounding the targeted treatment 
site to prevent a pre-photosensitizing agent from metab- 
olizing into a photosensitizing agent, e.g., a photoactive 
species, in epithelial tissue. Where ALA is used, for exam- 
ple, the chemical inhibitor is effective to prevent the con- 



version of ALA to the photoactive protoporphyrin IX (PplX) 
in healthy, non-targeted tissue. As a result, when irradiat- 
ing light is applied to treat the targeted tissue, the non- 
targeted epithelial tissue remains substantially unaffected. 
[0034] a variety of chemical inhibitors can be used with the 
method of the present invention, but the chemical in- 
hibitor should be effective to inhibit metabolism of a pre- 
photosensitizing agent, such as a porphyrin precursor, 
into a photosensitizing agent, such as a porphyrin. In an 
exemplary embodiment, the chemical inhibitor is 

4- dioxoheptanoic acid, succinyl acetone, pridoxal- 

5- phosphate, and inhibitors containing zinc, ferrous ions, 
or lead ions, as well as combinations and derivatives 
thereof. The chemical inhibitor can be applied topically, 
by local injection, or systemically, and it can be applied 
before or after application of the pre-photosensitizing 
agent, or simultaneously with the pre-photosensitizing 
agent. The chemical inhibitor, and optionally the pre- 
photosensitizing agent, can also be contained within a 
cream that is topically applied to the skin surface. Suitable 
creams include, for example, emollients, acid-mantel 
cream, lotions, oil and water emulsions, and other vehi- 
cles known in the art. The concentration of the chemical 



inhibitor can also vary, but in an exemplary embodiment 
the chemical inhibitor is applied at a concentration that is 
equal to or greater than about 0.1%, and is preferably ap- 
plied to the skin surface for a duration of at least about 
15 minutes. The skin surface can subsequently be washed 
to allow a photosensitizing agent to be applied thereto. 

[0035] chemical inhibition can be used for a variety of applica- 
tions, and in one embodiment it can be used to suppress 
unwanted epidermal damage and still allow the removal of 
unwanted hair. In particular, an inhibitor is applied to the 
epidermis to decrease metabolism of a pre- 
photosensitizing applied to the epidermis, while allowing 
deeper formation of the photosensitizing agent to occur 
in the hair follicles. This enables the desired efficient re- 
moval of unwanted hair while minimizing epidermal dam- 
age. Similarly, chemical inhibition can be used to treat 
acne by allowing PDT to be targeted to the deeper-seated 
sebaceous glands, while minimizing or preventing dam- 
age to the epidermis. Chemical inhibition can also be 
used, for example, to protect normal tissue surrounding 
malignant cells. 

[0036] The followings examples serve to further illustrate the 
present invention. 



[0037] Example 1 

[0038] t wo trials of rat epidermal keratinocyte (REK) cells were 
incubated with 0.5 mM ALA at temperatures of 21°C and 
37°C, respectively, for varying times. As shown in FIG. 2, 
incubation at 21°C resulted in a significant decrease in 
PplX formation as compared to incubation at 37°C. For ex- 
ample, after three hours, the cells at 37°C had a PplX con- 
centration greater than 400 pmol/10 6 , while the cells at 
37°C had a PplX concentration less than 50 pmol/10 6 . 
Accordingly, a temperature gradient of about 16°C is more 
than sufficient to inhibit metabolism of a photosensitizing 
agent in epidermal tissue surrounding a targeted treat- 
ment site. 

[0039] Example 2 

[0040] Several trials of rat epidermal keratinocyte (REK) cells were 
incubated with various amounts of ALA ranging from 0.1 
mM to 0.5 mM, at various temperatures ranging from 15°C 
to 40°C. As shown in FIG. 3, PplX formation was signifi- 
cantly inhibited in cells having a temperature of about 
25°C or less. PplX formation increased significantly in cells 
having a temperature of about 30°C or more. 

[° 041 ] Example 3 



[0042] Several trials of rat epidermal keratinocyte (REK) cells were 
pre-incu bated with various amounts of 4-dioxoheptanoic 
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acid (DOHA) ranging from 1 M to 1 M. The cells were 
then washed, and incubated with 0.25 mM ALA for 3 
hours. As shown in FIG. 4, PplX formation in cells chemi- 
cally treated with DOHA at concentrations greater than 10 
M was significantly inhibited, and even further chemical 
inhibition occurred at DOHA concentrations greater than 
10 " 5 M. 
[0043] Example 4 

[0044] a 2% ALA solution was iontophoretically transferred into 
human skin. As shown in FIGS. 5A-5B, PplX fluorescence 
(shown by white areas) was imaged after a 3-hour incuba- 
tion (a) at room temperature, and at 10-15°C (measured 
at the skin surface), achieved by (b) contact cooling and 
(c) convection cooling. As shown in FIG. 5A, ALA-induced 
PplX formation was thermally inhibited invivo in human 
skin (b) that was cooled by contact to 10-15°C, whereas 
significant PplX formation is shown in the area of skin that 
was treated at room temperature. As shown in FIG. 5B, 
baseline ALA-induced PplX fluorescence, as circled and 
indicated by reference d, is seen in an area that is imme- 
diately outside the cooling apparatus. 



[° 045 ] Example 5 

[0046] DOHA was topically applied to human skin in concentra- 
tions of (a) 0.1%, (b) 0.3%, and (c) 1% for 1 hour, followed 
by topical application of 5% ALA. PplX fluorescence was 
then imaged. As shown in FIG. 6, increasing concentra- 
tions of DOHA were effective to chemically inhibit PplX 
formation in human skin in vivo . 

[0047] one of ordinary skill in the art will appreciate further fea- 
tures and advantages of the invention based on the 
above-described embodiments. Accordingly, the invention 
is not to be limited by what has been particularly shown 
and described, except as indicated by the appended 
claims. All publications and references cited herein are 
expressly incorporated herein by reference in their en- 
tirety. 

[0048] what is claimed is: 



